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CARBON NANOTUBE GROWTH METHOD 

The present invention relates to the field of carbon 
nanotubes. Carbon nanotijbes are tubes coinprising a wall (single- 
wall nanotubes) or several concentric walls (multiple -wall 
nanotubes) , each wall being formed by the winding of a graphite 
5 plane . 

r 

Various methods have been developed to grow carbon 
nanotubes on siibstrates. Most of these methods use, as a start 
of the carbon nanotube growth, catalyst grains of dimensions 
close to the diameter of the nanotubes. 

10 Two of the inventors of the present application have 

provided in a paper published in Microelectronic Engineering, 
2002, vol. 61-62, p. 485, Elsevier Science B.V. , a method in 
which carbon nanotubes cure obtained by a hot -filament assisted 
chemiccd. vapor deposition. The deposition typically takes place 

15 in a tenperatxire range from 700 to 900**C while the hot filament 
is at a tenperatinre on the order of from 1,900 to 2,100^'C. In 
this paper, the authors set forth that when pads conprising a 
titaniim layer of a 50-nm thickness coated with a thin cobalt 
layer are deposited on a substrate coated with silicon oxide, a 

20 carbon nanotube growth is obtained. The drawings show that this 
growth mainly occurs from the lateraLL surfaces of said pads. 
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In svibseguent experiments, the inventors have shown 
that the diameter and the struct\ire (single- wall or multiple- 
wall) of the nanotubes would essentially depend on the thickness 
of the cobalt layer. 
5 The number of nanotubes growing from the lateral 

surfaces wovild exhibit a limited density and the obtaining of 
nanotubes of relatively high diameter (greater than 5 nm) 
inplied the deposition of a cobalt layer s\±»stantially of same 
thickness . 

10 An object of the present invention is to optimize the 

growth of carbon nanotubes by selecting an adapted siibstrate. 

Another object of the present invention is to provide 
such a method adapted to the forming of carbon nanotiibes on the 
upper surface of a thin layer. 
15 Another object of the present invention is to optimize 

the growth of the ceurbon nanotubes on tips. 

To achieve these objects, the present invention 
provides a method for growing carbon nanotubes on a substrate by 
a hot-filament aussisted chemical vapor deposition method, 
20 comprising the step of previously depositing on the substrate a 
titaniiim and cobalt bilayer such that the thickness of the 
titaniim layer ranges between 0.5 and 5 nm; the thickness of the 
cobalt layer ranges between 0.25 and 10 nm; and the thickness of 
the cobalt layer ranges between half and twice the thickness of 
25 the titanium layer. 

According to an embodiment of the present invention, 
the titaniimi layer is formed on the cobalt layer. 

According to an embodiment of the present invention, 
the siibstrate is made of silicon coated with oxide. 
30 According to an embodiment of the present invention, 

the substrate ccnprises at least one tip, whereby a nanotube 
grows away from the substrate from the top of the tip and other 
nanotvibes grow by spreading against the substrate. 

According to an embodiment of the present invention, 
35 the method comprises the step of selecting the sum of the 
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titanium and cobalt thicknesses according to the diameter and to 
the structiire wanted for the nanotubes. 

According to an embodiment of the present invention, 
the bilayer is of cobalt/titaniiam type and is formed on a thick 
5 titanitim layer. 

According to an embodiment of the present invention, 
the bilayer is of titanium/cobalt type and is coated with a 
titanivun layer of a thickness greater than 20 nm, whereby the 
nanotubes only grow from the lateral surface of the bilayer. 

10 The present invention also provides a substrate 

supporting carbon nanotubes coated with a titanium and cobalt 
bilayer such that the thickness of the titanium layer ranges 
between 0.5 and 5 nm; the thickness of the cobalt layer ranges 
between 0.25 and 10 nm; and the thickness of the cobalt layer 

15 ranges between half and twice the thickness of the titanium 
layer . 

The foregoing and other objects, features, and advan- 
tages of the present invention will be discussed in detadl in 
the following non- limiting description of specific embodiments 
20 in connection with the acconpanying drawings, among which: 

Fig. 1 shows a carbon nanotiobe growth structvire 
according to prior art; 

Figs. 2A and 2B show carbon nanotiJbe growth structxires 
according to the present invention; 
25 Fig. 3 shows a structiire of carbon nanotube growth on 

a tip according to the present invention; 

Figs. 4A and 4B shows variations of carbon nanotube 
growth structures according to the present invention; and 

Fig. 5 shows an exanple of currangement of layers used 
30 as a start for the growth of carbon nanotubes according to the 
present invention. 

As illustrated in Fig. 1, the above -mentioned method 
would use as a start of a carbon nanotube growth, on a substrate 
coated with an Si02 layer 1, a pad formed of a titanium layer 
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portion 2 of a thickness on the order of 50 ran coated with a 
thin cobalt layer 3. 

The concept of pad is not limiting and must be inter- 
preted as designating any thickness discontinuity of a layer 
5 delimited according to a selected contoxir. 

In the previously- indicated deposition conditions, 
carbon nanotubes 5 growing from the lateral pad walls, sid^stan- 
tially at the level of the cobalt layer, would be obtained as 
schematically shown. 
10 The present invention provides replacing the thick 

titaniiam layer (a "thick" layer here has a thickness greater 
than from 10 to 20 nanometers) with a very thin layer of a 
thickness smaller than 5 nm. 

More specifically, the titaniimi layer thickness ranges 
15 between 0.5 and 5 nm, the thickness of the cobalt layer ranging 
between 0.25 and 10 nm, and the thickness of the cobalt layer 
ranges between half and twice the thickness of the titanium 
layer . 

As illustrated in Fig. 2A, very thin titanium layer 12 

20 may be arranged luider cobalt layer 13 or, as illustrated in Fig. 
2, titaniimi layer 12 may be arranged above cobalt layer 13. In 
both cases, a growth of carbon nanotijbes 5 is obtained, in the 
same hot- filament assisted chemical vapor deposition conditions 
such as previovisly discussed in the case of prior art, both on 

25 the upper surface of the bilayer and on the lateral surfaces of 
the bilayer. It should be clear to those skilled in the art that 
these nanotubes are very schematically shown to indicate the 
locations from which they grow but that these nanotiibes will be 
of unequal lengths and of a density that may be much greater 

30 than what is shown in the drawings. 

According to an advantage of the present invention, 
the diameter and the structure (single-wall, multiple -wall) of 
these nanotubes will be substantially uniform. 

According to a feature of the present invention, the 

35 inventors have e:q)erimentally found that the diameter and the 
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structiire of the nanotubes depend not only, as in prior art, on 
the thickness o£ the sole cobalt layer, but also on the 
thickness of both titanium and cobalt layers altogether. 
Further, the inventors have found that to obtain nanotubes of a 
5 given diameter, it was enough for the total thickness of the 
bilayer to be much smaller than the total thickness of a cobalt 
monolayer providing the same res\ilt. For example, for a bilayer 
of a given thickness, on the order of 4 nm, carbon nanotubes of 
a diameter substantially identical to what was obtcdjied for a 

10 cobalt monolayer of dotoble thickness are obtained. 

It shoxild be noted by those skilled in the art that it 
is advantageous to obtain nanotubes of greater diameter from a 
thinner deposition, given that this especially enables 
performing depositions on relatively distorted relieves while 

15 keeping the relief, without rounding the edges thereof. 

An advantage of this f eatixre appears in the structure 
illustrated in Fig. 3 in which a silicon substrate 20 provided 
with a pyramidal tip 21 is coated with a titanium- cobalt bilayer 
12, 13 according to the present invention. It can then be seen 

20 that, if a nanotube growth is performed, a single nanotiabe or a 
single bundle of nanotubes 25 develops from the tip away from 
the substrate while, from the rest of the surface, nanotubes 5 
develop but remain stuck to the bilayer formed on the substrate. 

According to another advantage of the present inven- 

25 tion, the obtained carbon nanotube density is much greater than 
that which would be obtained from a simple deposition of a 
cobalt layer of same thickness as the bilayer. 

On the other hand, as illustrated in Figs. 4A and 4B, 
the carbon nanotube growth ar^as can, according to the present 

30 invention, be selected. 

For exanple, as illustrated in Fig. 4A, if a titanium- 
cobalt layer according to the present invention is coated with a 
thick titaniiim layer (of a thickness greater than from 10 to 20 
nm) and the layer is structured to form a pad, a lateral growth 

35 only of nanotubes 5 will be obtained. 
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However, as illustrated in Fig. 4B, if a cobalt- 
titanium bilayer according to the present invention is deposited 
on a thick titaniim layer, a growth of nanotubes 5 will be 
obtained both on the upper sixrf ace and on the lower surfaces of 
5 the bilayer. 

Fig. 5 shows as an exanple only an assenibly of pads 
enabling optimizing the growth of carbon nanotxibes, for example, 
to form connections between pads. Four thick titaniiim pads 
(thickness greater than from 10 to 20 nm) 30, 40, 50, 60 are 

10 formed on silicon. Pad 30 is coated with a thin cobalt layer 32. 
Pad 40 is coated with a thin cobalt layer 42 psirtially coated 
with a thin titanium layer 43 . Pad 50 is uniformly coated with a 
cobalt layer 52 partially coated with a thin titanivim layer 53 
and partially coated with a thick titanium layer 54. Pad 60 is 

15 coated with a thin cobalt layer 62 and with a thick titanium 
layer 63. Then, nanotube growths cure obtained as schematically 
ill\istrated in the drawing: for pad 30, nanotubes extend later- 
ally only; for pads 40, nanotxabes extend laterally, and at the 
surface above the portion of titanium layer 43; for pad 50, 

20 nanotubes extend laterally, and at the sxirface above thin 
titanivim layer 53; and for pad 60, nanotubes extend laterally 
only from cobalt region 62. Starting from pads having each of 
their dimensions, in top view, smaller than one micrometer, the 
formed nanotxibes aggregate in a tangle of nanotubes (a braid) . 

25 The advantages of this type of structure to form vari- 

ous types of connections and/or contacts, for exairple, electric 
connections, can be appreciated. It should be noted that the 
presence of a titanixmi layer provides a low resistance of access 
to the nanotube. 

30 The present invention aims at an optimized method for 

growing caurbon nanotubes and an adapted substrate. There will be 
a great number of applications of these nanotubes, cis known in 
the art and as can be devised by those skilled in the art 
according to technological developments. 



